translating HSP110∆E9 into a clinically useful marker of prognosis may require testing in large populations to determine a reference range and clinical cutoff values that will optimize performance characteristics.
But perhaps the most tantalizing question provoked by the study of Dorard et al. 8 is whether HSP110∆E9 expression somehow provides a mechanistic basis for the more favorable outcomes observed in people with MSI CRC or the likelihood that these individuals derive less benefit from 5-FU chemotherapy. To address this possibility, it will be important to determine how expression of HSP110∆E9 correlates with the clinical behavior of MSI tumors as compared to MSS tumors. It is fascinating to speculate that such studies might show a lack of response to 5-FU confined to the 65-70% of MSI CRCs with low levels of HSP110∆E9. Such a result would provide a mechanistic explanation for why most individuals with MSI CRCs do not seem to benefit from 5-FU treatment, thereby strengthening the case that this observation reflects a true lack of sensitivity of most MSI CRCs to this drug. Thus, the findings of Dorard et al. 8 may be a disease-free survival among those patients who received chemotherapy. But this analysis conflates the effects of stage with chemotherapy on survival (receipt of chemotherapy was highly correlated with stage 3 disease) and does not specifically determine the impact of chemotherapy on outcome. Before it can be concluded that HSP110∆E9 expression improves chemotherapeutic efficacy, an adequately powered analysis examining the effect of chemotherapy on survival within strata defined by HSP110∆E9 expression level is needed.
Third, the cutoff values used to define high versus low expression of HSP110∆E9/ HSP110wt ratio were not uniform across the two subject cohorts and were specifically chosen to maximize survival differences. Prospectively selected cutoff values may show less optimistic results about the prognostic potential of HSP110∆E9. Moreover, it is uncertain whether there is a clear 'threshold' level of HSP110∆E9 expression associated with clinical outcome or whether the benefits in survival progressively increase in parallel with HSP110∆E9 expression. If the relationship is the latter, then in which individuals develop cytotoxic antibodies targeted to the GBM. In the current issue of Nature Medicine, Bollée et al. 2 The EGFR is a member of the family of ErbB receptors, which is widely expressed, including in mammalian kidney 3 . Upon activation, there is phosphorylation of residues that serve as docking sites for a variety of signaling molecules that activate intracellular pathways controlling cell proliferation, differentiation Evolution has fashioned the glomerulus of the mammalian kidney into an integrated unit to provide essential blood filtration. Each of the million or so glomeruli in the human kidney consists of a cluster of capillary loops composed of a fenestrated endothelium overlaid by interdigitating foot processes of specialized epithelia called podocytes, which, together with the endothelial cells, is the source of an interposing glomerular basement membrane (GBM). Mesenchymal mesangial cells and their associated extracellular matrix support the interstices of these capillary tufts. Bowman's capsule, which is composed of parietal epithelial cells, separates the tuft from surrounding renal parenchyma by forming a urinary space connecting to a proximal tubular lumen.
Unfortunately, the glomerulus is the target for a variety of inflammatory and noninflammatory forms of injury. The most severe inflammatory injury is rapidly progressive glomerulonephritis (RPGN), which is characterized by a precipitous loss of glomerular filtration and by the accumulation of CD4 + T cells and macrophages in the tuft, proliferation of endogenous glomerular cells and the development of cellular crescents, which result from glomerular capillary damage and subsequent leakage of plasma proteins into Bowman's space. Crescents consist of fibrous material and proliferating cells arising from both the parietal epithelial cells and from podocytes, as well as infiltrating macrophages and myofibroblasts 1 .
RPGN is a clinical syndrome that can result from a number of diseases, one of which is anti-GBM disease, an autoimmune condition Ray Harris is at the Division of Nephrology and Hypertension, Vanderbilt University School of Medicine, Nashville, Tennessee, USA. e-mail: raymond.harris@vanderbilt.edu
EGFR signaling in podocytes at the root of glomerular disease

Ray Harris
A study in a mouse model of immune-mediated glomerular disease and in people with rapidly progressive glomerulonephritis shows activation of epidermal growth factor receptor (EFGR) signaling in podocytes by a molecule expressed in the kidney (pages 1242-1250). Blocking this axis may open new doors to treat inflammatory kidney conditions. in the treatment of human RPGN. It may also be possible to block the activation of EGFR by interfering with HB-EGF, either by preventing its release with ADAM inhibitors, or, as HB-EGF is the diphtheria toxin receptor, blocking its actions with the nontoxic diphtheria toxin analog CRM197. Further studies will also be required to determine whether urinary HB-EGF might serve as a biomarker of glomerular disease activity.
by plasmapheresis if there is evidence for antibody involvement. One of the most exciting translational aspects of the study by Bollée et al. 2 is the identification of EGFR signaling as a potential therapeutic target in this condition. In their studies, treatment with EGFR tyrosine kinase inhibitors had beneficial effects similar to genetic deletion of either HB-EGF or EGFR. Of special note, one of these inhibitors, erlotinib, was effective even when treatment was begun 4 d after the initiation of the injury, which could have important clinical implications, as individuals with RPGN often do not see a physician until the disease manifests clinically.
The authors convincingly demonstrated a crucial pathogenic role for HB-EGF activation of glomerular EGFR signaling in a mouse model of anti-GBM-induced RPGN (Fig. 1) . Future studies will need to address whether this signaling pathway is involved in the pathogenesis of other types of progressive glomerulonephritis, such as IgA nephropathy or in systemic diseases that can affect the glomerulus, such as lupus nephritis or diabetic nephropathy.
In addition, these current studies raise the possibility that EGFR kinase inhibitors and/ or blocking antibodies could be efficacious and apoptosis 4 . Members of the EGF peptide growth factor-related family 4, 5 , such as EGF, amphiregulin, transforming growth factor-α (TGF-α), HB-EGF, betacellulin and epiregulin are produced as transmembrane proteins that are cleaved by metalloproteinases, especially ADAMs, to release a soluble active moiety that can activate EGFR. A number of these ligands have been implicated in experimental models of renal disease 6 . Notably, TGF-α has previously been implicated in progressive renal injury, including that seen in response to chronic exposure to angiotensin II or severe ablation of functioning renal tissue [7] [8] [9] .
One of these ligands, HB-EGF, is constitutively expressed in the kidney, especially the epithelial cells of the distal nephron, and its expression increases in response to acute is chemic or toxic injury 10 . A study in a rat model of experimental anti-GBM disease showed there was also increased expression of HB-EGF in podocytes and mesangial cells and that a blocking antibody to HB-EGF reversed the acute decreases in glomerular filtration in response to administration of anti-GBM antisera 11 , but, despite showing amelioration of acute renal hemodynamic abnormalities, this group did not examine the long-term consequences of interrupting the HB-EGF-EGFR signaling axis.
Bollée et al. 2 have now performed an extensive set of studies to follow up these initial observations. Using a mouse model of anti-GBM disease in which the mice develop severe crescenteric glomerulonephritis and loss of renal function over 8 d, the authors demonstrated that mice with genetic deletion of HB-EGF show markedly decreased functional and structural injury. Their studies confirmed increased expression of HB-EGF in podocytes and parietal epithelial cells in wild-type mice with RPGN and showed substantially increased glomerular immunoreactive HB-EGF in human biopsies of individuals with RPGN 2 . HB-EGF activation of EGFR in cultured podocytes led to dedifferentiation and conversion to a proliferative and migratory phenotype, consistent with what has been reported to occur in vivo in crescent formation 1 . Selective, temporally controlled ablation of podocyte EGFR lessened the severity of glomerular injury to a similar extent as HB-EGF deletion.
As further proof that HB-EGF is the primary culprit, they tested other EGFR ligands, TGF-α and epiregulin, and failed to see any amelioration 2 . And although T cells and macrophages express HB-EGF, selective deletion of HB-EGF in hematopoietic cells did not alter the course of the disease, suggesting that it is the increased expression of HB-EGF in the glomerulus that is pathogenic.
The current treatment for RPGN involves broad immunosuppressive therapy, accompanied
